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GPU cluster is an important architecture being used for large scientific and engineering
applications. However, manually developed GPU cluster application is still a very difficult task.
To alleviate this problem, we adopt the OpenACC standard for directive-based approach and
proposed some extension to support GPU cluster programming. The extensions are clauses used
to define the memory distribution and dependency of tasks on cluster nodes. We propose
framework and technique used to implement a source-to-source compiler to support the
proposed extension. We also propose a kernel split technique for automatic optimization in our
compiler, The experiment conducted on the source code translation tool developed in this work
show that the speedup close to hand code can be achieved on commonly used scientific

application with much less programming effort.
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Y
1 o 1w 1o &
szyMgiilennsahaunuuuuu’la aaod create 195311101115 newa luisuiludoaldnis
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detoyasyninlaanud hd Tradedwlsivhaummzoud ldediaudon aaod copy 521
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do {
change = 0;
#pragma acc parallel loop create(newa[0:n][0:m]) \
copy(a[0:n] [0:m]) reduction (max:change)
for( j =1; 3 < m-1; ++j ){

for( i =1; i < n-1; ++1 ){
newal[j][1i] = wO*a[]j][i] +
wl * (a[j]1[i-1] + al[j-11[i] + aljll[i+1] + alj+11[i]) +
w2 * (al[j-1]1[i-1] + al[j+1][i-1] + al[j-1]1[di+1] +
alj+11[i+11);
change = fmax (change, fabs(newal[j]l[i]l-alj]l[i]l)):
}
}
tmp = a; a = newa; newa = tmp;

}while ( change > tolerance );

H @ 1 3
MNN 5 @29619m3 1FUNT AU parallel loop 111151453 Jacobi Relaxation

Tilsunsudedalunni 5 aunsavhauldedigndes ez ldnanlszuranaun
4 Y vy Lo =< 1 o vy '
e nauengagnasot 13aaugil do while Faruedansuumsdidoyassninelad
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uazd hdazmnuiuauseuvedgl do while FanaswdImsdsdoyariuamsodaliuaz
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un3nI data gnldnie1d lalsunsushimsdadoyalinduiissnsuder Tugienounaznas

M371119Uv9391 do while
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#pragma acc data create(newa[0:n][0:m]) copy(a[0O:n][0:m])
do{

change = 0;

#pragma acc parallel loop reduction (max:change)

for( 3 = 1; 7 < m-1; ++3 ){

for( 1 =1; 1 < n-1; ++1 ){
newal[j][1] = wO*al[]j][i] +
wl * (a[j][i-1] + alj-11[i] + alj][i+1] + alj+1][i]) +
w2 * (al[j-11[i-1] + al[j+1]1[i-1]1 + a[j-1]1[i+1] +
alj+1]1[i+1]);
change = fmax (change, fabs (newal[j]l[i]l-al[jl1I[i])):
}
}
tmp = a; a = newa; newa = tmp;

}while ( change > tolerance );

H Y] 1 <3
M 6 7108193 15unS N data TuT150053 Jacobi Relaxation
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sernelaauaczd g wasrednsannsonee laduensisd ( Subarray) Fadlulhennsainls

o o ' 14 s o J o 4 o
MAUUAA UM UL VUIAVDIDTLIS TNV TA ﬁﬂﬂ1ﬁlﬁﬂﬁ§ﬂllﬂﬂﬂ1ﬁiguﬁ@ array-

name[start:length] 19 start Aveolisn (Offset) (FUAUIUMITI 11AE length ABVUIANIZ A

1 | #pragma acc parallel loop copyin(A[0:n]) copyout(B[1:n-2])

2| for(i=1;i<N-1;i++)

3 B[i] = (A[i-1] + A[i] + A[i+1])/ 3;

NN 8 M3 1% lamued@uu T151n31 3-Moving Average

o A { s o { ' ' o
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S & D
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v >
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MUN 9 Tmﬂamiﬁwayamquﬂ N9

[

A = ] o A A A 14 1 =\
NINN 9 Llﬁﬂ\10QIllLﬂﬁﬂu’)ﬁlﬂ’ﬂwmﬂlfldlﬂiﬂﬂﬂwﬂﬂﬁﬁlﬁ@i 51141;%311414@%%

u

1 o J o 1 4 U [ < ad
Wu’)ﬂﬂ’ﬂiﬁm‘ll@iiﬁﬁllﬁgahh“]ﬂ,!ﬂﬂﬂu uazLmazl,ﬂ%wzmﬁi’f@y,amﬂumu IHUALITHN AU
TuAave932VUHHIANNTULUNTZA0 ( Distributed-memory System) 1o 1dansnszyla

J 1 ] o o J o J 4
Ndoyaszgnnizne il luudaz Tvualdeda’ls dideds Ininanediuversuosdueiiss

U )

o ldszyzlunuvesmsnsznedoyald Taeldedlugluunves array [start:length



18

{dist_type}] 1l0 dist type AogUnuumMInszIIedoya i lAdesriinfe  broadcast Az

U

Y v i
partition N13N5291890YaUUY broadcast AvtoyagaliLazgnanasnnaruauazdas 1l Truah

U

A A IA 9 J 3 A ' 9 ..
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1 | #pragma acc parallel loop copyin(A[0:n{partition}) copyout(B[1:n-2 {partition})

2 | for (i=1;i<N-1;i++)

3 Bli] = ( A[i-1] + A[i] + A[i+1]) / 3;

MU 10 Maszygluuumsnsznevesdiuaevesun 11/5unsu 3-Moving Average
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[array index_list] Tag array_index_list i ] Juyune array_index ,array_index,,...,array_index

4 . 3 1o 3 A a
11/® lower_bound index upper bound index 14a¢ array index (UM IUIMANNODIBU

=34 9y Ao o o g
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U

1 | #pragma acc parallel loop copyin(A[0:n:partition]) copyout(B[1:n-2:partition]) \
2 in_pattern(A[-1:1])
3| for(i=1;i<N-1;i++)

4 Bli] = (A[i-1] + A[i] + A[i+1]) / 3;
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1 1 1 o 1 4 4 1
Tomuedduardiuaevensiduondnini 16 aunames Inssaazunununsnu parallel

Y o @ A [ A o A
loop ttaz g for emdaiseniulmilausisanni 17

#pragma acc parallel loop private (k) \
copyin (A[0:N{partition}] [0:N]) copyin(B[0:N][0:N]) \
copyout (C[0:N{partition}] [0:N])
for (1 = 0; 1 < N; 1i+4)

#pragma acc loop

for (j = 0; j < N; j++) {
C[i][j] = 0.0f;
for (k = 0; k < N; k++)
C[i][3] += A[i][k] * BI[k][]]; }

M0 16 fednllsunsugauunsndg laels Tomuedd

SendCallFuncMsg (698324) ;
“SendInputMsg ((void *)&N, sizeof (int)
“SendConstInputMsg((long long) & (A[0] [
“SendConstInputMsg((long long) & (B[0] [
_SendConstInputMsg( long long) (C[O1[

_SendInputNDMsg (& ][O] DOUBLE T,

SendInputMsg((v01d *)B[0], 51zeof(dou

RechutputNDMsg (C [ J[O]) _DOUBLE T

)
01))
0]))

01))

O!N_ll 1! OI OI2I OININ);
ble) * N * N);

rOrN 111101 OI2IOININ);

M 17 dednelda Tisunsugaumindngnudasuu ldduaaes Twsise

kernel void kernel 698324 (int N, global const double *A,
global const double *B, global double *C,
int local i start, lnt local i end, int loop step,
int j start, int j end, int inner step) {
int j, k, outer size = (local i end-local i start+l)/ loop step;
int inner size = (j_end-j_start+l) / _inner step;
int loop size = outer size * inner size;
int i = {(get global 1d(0) / inner size) * loop step) +
local i start;
J = ((get global id(0)%inner size)*inner step)+ j start;
if 1<=N-1)7 - - -
Cli * N+ j] = 0.0f;
for (k = 0; k < N; kt++)
C[i * N + j]+= A[1 * N + k] * B[k * N + 3]; }
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void Function 698324() {

7* Broadcast Scalar Value */

EnqueueBcastScalar (&N, INT T);
“EnqueueBcastScalar (& id A, = LL INT T);
“EnqueueBcastScalar (& id B, = LL INT T);
_EnqueueBcastScalar (& id C, ~ LL INT T);

FinishBcastScalar();
/* Allocate Array Memory */

Malloc2D(&A, & cl mem A, id A, DOUBLE T,N,N, MEM READ ONLY);
"Malloc2D (&B, &_Cl_mem_B,_ld_B “DOUBLE T,N,N, _MEM_READ_ONLY),
"Malloc2D(&C,& ¢l mem C, id C, DOUBLE T,N,N, MEM READ WRITE),
7* Initialize Generated Variables =%

local i start = CalcLocallLoopStart(0, N - 1, 1);
“local i end = CalcLocalloopEnd(0, N - 1 ) ;
“loop step = 1;°
“j start = 0; j end =N - 1; inner step = 1;

“work item num = CalcSub51ze(:gen_l5op_size,__num_proc, __rank, 1);
“work group item num = 64;
global item num = CachlobalItemNum(_work_item_num,

“work group 1tem num);

/* Distribute Array Memory */

_EnqueueScatterND((void *)A[0], cl mem A, id A, DOUBLE T,

MEM READ ONLY,0,N-1,1,0,0,1,1,2,0,N,N);

EnqueueBcastND( v01d *)B[O}, _cl mem B, id B, DOUBLE T,1, 1,2,N,N);
“FinishDistributeArray();

7* Compute Workload */
_kernel = CreateKernel (" kernel_698324");
_SetKernelArg( kernel, 0, sizeof (int), (VOld *) &

N) ;

SetKernelArg ( kernel,1l,sizeof (cl mem), (void *)& cl mem A);
" SetKernelArg (" kernel, 2, sizeof (cl mem), (void *)& cl mem B);
“SetKernelArg (" kernel, 3, sizeof (cl mem), (void *)& cl mem C);
“SetKernelArg( kernel, 4, sizeof (int), VOld *) & local i start);
“SetKernelArg ( kernel, 5, sizeof (int), (v01d *)§& local i end);
_SetKernelArg(_kernel,6,sizeof(1nt),(v0ld *)& loop step);
“SetKernelArg (_kernel,7,sizeof (int), (void *)& j start);

SetKernelArg ( kernel, 8,sizeof (int), (void *)& j “end);
“SetKernelArg (" kernel, 9, sizeof (int), (void *)& inner step);
_LaunchKernel (_kernel, & global item num, & work group item num);

“ClearKernel ( kernel);
7* Gather Array Memory */

EnqueueGatherND ( (void *)C [O], cl mem C, id C, DOUBLE T,
“MEM READ WRITE,O,N-1,1,0,0,1,T,2,0,N,N)7
“FinishGatherArray();
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void Function 670420 () {

_StreamSeqKernelRegister (_kernel id, local tid start, local tid end, 0, (nsquare)
- 1, loop step, & kernel info);

/* Distribute Array Memory */
_EnqueueBroadcastND((void *) B[0], cl mem B, id B,  TYPE FLOAT(), 1, 1, 2, n, n);

_StreamSegEnqueueScatterND( kernel info, (void *) A[0], cl mem A, id A,FLOAT T,
MEM READ ONLY, 0, (nsquare) -1, 1, 0, 0, 1, 1, 2, 0, n, n);

_StreamSeqgEnqueueGatherND( kernel info, (void *) C[0], cl mem C, id C,FLOAT T,
MEM WRITE ONLY), 0, (nsquare) - 1, 1, 0, 0, 1, 1, 2, 0, n, n);

_FinishDistributeArray();

while (1)

{

int stream loop size, stream completed = 0, sequence id = 0;

size t stm global item num, stm work group item num;

_StreamSegKernelGetNextSequence (kernel info, & sequence id, & stm global item num,
& stm work group item num);

if (StreamSegExec( kernel info->stream seq start idx, kernel info-
>stream seq end idx))

{
/* Compute Workload */
_kernel = _CreateKernel("_kernel_670420");

_SetKernelArg (_kernel, 0, sizeof (int), (void *)&nsquare);
_SetKernelArg (_kernel, 1,sizeof (int), (void *)é&n);
_SetKernelArg (_kernel, 2, sizeof (int), (void *)é&i);
_SetKernelArg (_kernel, 3, sizeof (int), (void *)&J);
_SetKernelArg(_kernel, 4,sizeof (cl mem), (void *)& cl mem B);
_SetKernelArg (_kernel, 5,sizeof (cl mem), (void *)& cl mem A);

_SetKernelArg (_kernel, 6,sizeof (cl mem), (void *)& cl mem C);
_SetKernelArg( kernel,7,sizeof (int), (void *)& kernel info->stream seq start idx);
_SetKernelArg(_kernel, 8,sizeof (int), (void *)& kernel info->stream seq end idx);

-

_SetKernelArg(_kernel, 9, sizeof (int), (void *)& loop step);

_LaunchKernel (_kernel, & stm global item num, & stm work group item num, kernel info);
_ClearKernel (_kernel);
}
_StreamSegKernelFinishSequence (_kernel info);
if (_kernel info->is complete) break;
}
/* Gather Array Memory */

_StreamSeqFinishGatherND( kernel info, (void *)C[0], cl mem C, id C, FLOAT T,
MEM WRITE ONLY, O, (nsquare) - 1, 1, 0, 0, 1, 1, 2, 0, n, n);

_FinishGatherArray () ;
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